Collembola, commonly called "springtails" are wingless soft-bodied 
Introduction
Soil as a habitat contains the most diverse assemblages of living organisms. Collembola, commonly known as springtails, are small wingless soft-bodied hexapods that are usually between 1 and 3 millimetres in length, generally found on or near the soil surface and in the litter, under rocks or the bark of trees. They are usually associated with decaying organic matter, some species even found inhabiting the nests of ants and termites [1] . They are the most abundant insects found all over the world in a great variety of habitats, and densities as high as 200,000 individual per square metre have been recorded [2] . They have varied food habits, with species being detritivores, microbivores, coprovores and saprovores. Collembola together with other soil arthropods such as acari constitute an important component of soil mesofauna in almost all terrestrial ecosystems [3] , and are indispensable in decomposition of organic matter, maintenance of soil physical structure, and efficient nutrient cycling. Although bulk of decomposition is attributed to microbial activities, soil fauna are important in conditioning the litter and in stimulating microbial activities [4] . Such activities are vital in the functioning of ecosystems and maintenance of soil health and above ground productivity, both in natural (e.g. Forest) and human altered (e.g. Agriculture) ecosystems.
Temperature and moisture are two of the most important environmental factors affecting populations of soildwelling collembola [5] . Soil moisture gradient and changes in soil temperature were observed to play a significant role in seasonal fluctuation and distribution of collembola [6] [7] [8] [9] [10] Any land use which affects the soil structure or alters the soil chemistry affect the soil fauna. Land use change alters the below ground physico-chemical characteristics, often leading to loss of biodiversity and concomitant depletion of soil nutrients. Collembola richness and diversity decreased along a gradient of different land uses, from natural forest passing through mixed use landscape and agricultural dominated landscapes [11] Different agricultural practices also influences the biodiversity of microarthropod communities such that greater biodiversity is observed in minimum tillage systems compared to deep tillage systems [12] . Such analysis of the effects of different land-uses on diversity and species richness and the distribution pattern of collembola could serve as a potential bioindicator of land-use changes [13] . Studies on collembolan diversity may be helpful in the development of conservation strategies and monitoring of natural and human-impacted areas [14] .
The present study is intended to analyze the diversity, density, and seasonal variation of collembola under two different land uses, represented by a forest and an agroecosystem.
Materials and Methods
The present investigation was carried out in a pine forest and an agroecosystem in the vicinity of North-Eastern Hill University, Shillong, the state capital of Meghalaya which lies between 25˚4′ N to 26˚10′ N latitudes and 89˚48′ E to 92˚50′ E longitudes.
A seasonal sampling was carried out for each of the four seasons i.e. spring, summer, autumn and winter for one annual cycle i.e. from March 2008 to February 2009. During each sampling occasion, triplicate samples were collected from each of the two sampling sites i.e. forest and agroecosystem. The soil samples were collected with a soil core of 5 × 5 cm 2 in surface area and at a depth of 0 -10 cm. The forest soil samples also included the overlying litter, which was absent in the agroecosystem soil samples. The samples were tagged and sealed, transported to the laboratory and extracted for soil fauna for 48 hours using modified high-efficiency Tullgren extractor. The extracted fauna were sorted, identified and counted. Alongside, soil samples were also collected for determining the pH, conductivity, moisture content and pore space. Soil temperature was recorded at site during sampling.
Measures of species diversity (Simpson's index) and the correlation coefficient were analysed by using PASTPoint pattern analysis 1.99.
Results and Discussion

Physico-Chemical Factors
pH of forest soil ranged between 5.57 and 6.02, indicating that the soils are acidic in nature. The seasonal trend followed is a slight increase during spring and summer and then a gradual decrease during autumn and winter. Electrical conductivity of forest soil was observed to range between 6.42 µS and 11.45 µS. The seasonal variation did not show any specific trend (Figure 1) . A similar trend of seasonal variation of soil pH was observed in the agroecosystem (Figure 2 ) as in forest, where it declined from autumn towards winter season. The values ranged between 5.00 and 6.30. As for electrical conductivity the values ranged between 11.68 µS and 36.60 µS showing a slight increase from spring through summer and autumn and then a slight decrease during winter.
Soil temperature increased from spring through summer and gradually declined from autumn to winter. Lowest soil temperature of 14.7˚C was recorded during winter and highest temperature of 23.03˚C was recorded during summer. Soil moisture content gradually decreases from spring peak of 47.38% to a winter low of 23.76% Soil porosity was observed to be lower during spring and summer and gradually increase during autumn and winter with values ranging between 67.05% and 70.39% (Figure 3) .
Soil temperature, soil moisture and porosity of agroecosystem are represented in Figure 4 . Lowest soil temperature recorded was 14.93˚C during winter and highest temperature was 23.62˚C recorded during summer. Moisture content increased from spring to a summer peak of 58.03% subsequently decreasing gradually to the lowest value of 37.61% in winter. The soil porosity was more or less uniform throughout the seasons with values ranging between 71.86% and 74.48%.
Although soil temperature of forest and agroecosystem showed very little difference, the agroecosystem soil revealed an overall higher range. Soil moisture content and porosity clearly showed a higher range in agroecosystem as compared to the forest soil reflecting the effects of tillage. Soil conductivity ranges were also higher in the agroecosystem probably as a result of the use of rganic manure. o A total of ten (10) species of collembola were recorded in the pine forest and nine (9) in agroecosystem soil as shown in Table 1 . The species composition was found to be the same in forest and agroecosystem, except for the absence of Dicranocentroides sp. in agroecosystem soil. Similarity in species composition may be explained by the nature of the terrain of the study sites. The forest is located on a hillock which merges into the agroecosystem located in the adjoining valley. It is speculated that the fauna are probably washed down by flowing rain water from forest soil into the agroecosystem where they colonise. temperature and moisture were at a higher range, and then decreased during winter (0.62) when soil temperature and moisture was lower. A similar trend of seasonal variation of diversity was observed in agroecosystem where the diversity values ranged between 0.23 recorded during spring and 0.74 recorded during autumn. Collembola declines in numbers through the dry season and then increased during the wet season [15, 16] . A marked difference in diversity between forest and agroecosystem was observed during spring and winter, whereas, the values were more or less same during summer and autumn. Overall, the forest harboured a higher diversity of collembola as compared to the agroecosystem probably reflecting the higher intensity of disturbance in the latter. A similar finding was made, where, collembolan diversity, abundance and species richness decreased along a gradient of soil-uses ranging from a forest with minimum intervention to an agricultural site completely exposed to anthropogenic disturbances passing through managed forest and grasslands [13] . Further, in forest ecosystems, the primary producer-decomposer systems determine the abundances of collembola through the availability of habitat provided by the amount of litter and organic layers in the soils [15] 3.3. Density Figure 6 illustrates the mean total collembolan density in forest and agroecosystem soil. Forest soil contained a higher density of collembola (1,475 individuals·m -2 ) all seasons combined, as compared to the agroecosystem (1,289 individuals·m -2 ). Highest density was recorded during summer in forest (2558 individuals·m -2 ) and during autumn in agroecosystem (3,244 individuals·m -2 ). The lowest records of mean total density were during spring in forest (876 individuals·m -2 ) and agroecosystem (896 individuals·m -2 ). Land use intensification (land disturbance) negatively influences the abundance and spe- cies richness of soil collembolan communities [16] .
Species Composition and Diversity
The percentage composition of collembolan species in forest and agroecosystem is depicted in Figures 7 and 8 respectively. Cyphoderus sp. accounted for the highest percent density in both forest and agroecosystem representing 21% and 30% of the total density respectively. 
Figure 8. Percentage composition of Collembolan species
This was followed by Hypogastrura sp. (20% in forest and 21% in agroecosystem) and Folsomia sp. (16% in forest and 11% in agroecosystem). Sphyrotheca sp. also constituted 11% of the total density in agroecosystem. On the whole, Cyphoderus sp., Hypogastrura sp. and Folsomia sp. were the dominant species.
Correlation
The seasonal assessment of correlation of collembolan diversity and density with the abiotic factors revealed a random pattern of positive and negative correlation. (Tables 2 to 5 ). Diversity and pH in forest showed a weak positive correlation (not significant), while electrical conductivity and soil temperature showed significant positive correlation with diversity (p ≤ 0.05 and p ≤ 0.01). A significant negative correlation was observed between diversity and soil moisture and porosity (p ≤0.05). In the agroecosystem, pH and soil temperature demonstrated a significant positive correlation with diversity (p ≤ 0.05), while the other physico-chemical factors had a weak positive and weak negative correlation (not significant) with diversity. Collembolan density also exhibited a significant positive correlation with soil temperature (p ≤ 0.05) in both forest and agroecosystem. Density and porosity were also positively correlated, (p ≤ 0.05) in forest. Density and pH in agroecosystem were negatively correlated (p ≤ 0.05).
Conclusions
Diversity and density of collembola varies greatly with changes in physical and climatic conditions of an area. The overall diversity and density of collembola was higher in the forest as compared to the agroecosystem. This may be indicative of the higher intensity of disturbance in the agroecosystem as compared to the forest by way of tillage and irrigation which alter the soil structure and its chemical nature, depleting the available resources and making the soil less habitable and conducive for the growth and sustenance of soil fauna. The pattern of seasonal fluctuations of species diversity and density corresponded with changes in the physico-chemical factors as evidenced by the statistically significant correlations between the two entities. Higher species diversity and density was recorded during the spring and summer months when the soil temperature and soil moisture were on the higher range than autumn and winter months. Among the collembolan species recorded, Cyphoderus sp, Folsomia s, and Hypogastrura sp. contributed a relatively high percentage to total density in both the study sites. Temporally, they were encountered throughout the sampling period except for a few instances when they were absent. This implies that, these species dominate the total recorded population of collembola and have a wide range of tolerance (occurrence) to soil physicochemical perturbances.
